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§ 1 INTRODUCTION

Think you for your Interest in developing software for the Super Famicom
(SFX). We would like to explain briefly the basic information concerning
the home television system. Even if you have been engaged in developing
software for the Family Computer (Famicom). please read once for your
review.

1. PICTURE IMAGE ON TELEVISION SYSTEM
The picture on a color television system consists of 525 holizonta! lines

with each line having the color stripes. The broadcasting station
breakdowns the picture into lines as shown on Fig.l.
The odd number lines are converted to electric signal from the top to the

bottom on the screen, and then, the remaining even number lines will be

converted from the top to the bottom in the same way.

The method which traces every two lines is called the 'INTERLACE*.
For the television system, the electric signal which has been sent is

converted to the light signal, and it will traces on the TV screen
according to the order above.
The light traces on the screen is called the 'scanning*, and the period
for scanning the odd number line is called the '1st field*, and the

period for scanning the even number line is called the '2nd field’.

A period for scanning on (he screen is called ‘one frame’, and this

is a period combined of the 1st field and the 2nd field in case of the

TV broadcas t I ng. Because of 1/60 sec (one field) and 1/30 sec (one

frame), a certain portion on the screen is radiated only every 1/30 sec.

However, because of the afterimage of human eyes and the afterglow of

the CRT. it does not seem to flicker.

(Fig. 1 ] Scann i ng Process
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2 . SFX DISPLAY
The picture display on the SFX has two nodes. One is the Interlace node
based on the television systen. and the other is Non- 1 n t er l ace* node
which one frane takes 1/60 second. In the Non- l n t er i ace node, sane
position is scanned every field, therefore. lines of a frane are only
262. which neans. half of the Interlace node.

Furthermore, there seems to be no flickerinr compared to the Interlace
node, since one point on the screen radiates every 1/60 second.

/

3. BLANK
The screen is scanned fron the left to the rirht and fron the top to

the bottom on the screen (See Fir. 2). After scanninr fron the left
to the rirht. it souid nove back to the left without radial insr. and
after scanninr fron the top to the bolton. It should nove back to the

top without rad i a t i nr.

It takes a certain amount of tine for the scanninr.
The former is called H-Blank. and the later is called V-blank.
the Fanicon and the SFX use this Blank efficiently to display various
movement of the characters.

4

SCANNING

[Fir. 2] SCANNING PATTERN FOR INTERLACE

3



§ 2 OBJ (OBJECT)

I. OUTLINE
This fo nc lion cm display the Object on a certain position on the
screen. The characters, such as the UFO or the missile of a space
raae. look like they are active in aovint this position,
if the character's picture is replaced at the sane tine the point is

moved, anioation effects can occur, such as "Mario* character
lookintr like lt*s walkinr.

2 FUNCTION
The aariaufl nuaber of OBJs that can be displayed on the screen is 128
and there are four sizes. However, two sizes can be selected in one
frame and one size should be selected for each OBJ.

There are 8 color palettes in the whole OBJs. and one palette should
be selected for each OBJ. One eolor palette has 16 color codes out

of 32768 colors, therefore, each OBJ is the picture drawn by 16

colors. Each 128 OBJs has its own priority order, which will decide
the display priority if 2 or sore OBJs are overlapped.
Furthermore. there is the Flip function of up-down, and left-rirht.
BG priority order and the priority order shiftinr function.

4



CAUTION 1 : It is prohibited to write
(See P P U Appendix-4)

to the ’0AM H-position (9-bit)'

- 5 -



§ 3 BG (BACKGROUND)

1. OUTLINE
The background for OBJ. such as Mario, can be displayed on the

screen, and it can be scrolled to the up. the down, the left and

the right. and it helps for the rase effect.

2. FUNCTION
There are £ kinds of BC node.

In BC aode-0 through 6. there is a difference depending on the

combination of the number of the screen, the numbers of the cell

color, the resolution and the offset function.

There are 4 screens provided, and the nuaber of the cell colors are

from 4 to 256. There' are 4 kinds of the resolution selected froa

256-dot x 224-dot. 512-dot' x 224-dot. or 512-dot x 448-dot.

The character size can be set as 8 - d o t x 8-dol" or "16-dot x 16-dol"

on each screen.
The offset value (scroll coordinate) can be set on each BC screen, and

also, the offset value can be chanred every horizontal character unit

depending on the mode, so that the vertical partial scroll can be made.

8 palettes can be used per character, and H-Flip or V Flip is

available per character, and also, the priority order of BG and OBJ

can be changed per character. (See "PPU Append 1
x-16"

)

Mode-7 has a screen, which can rotate, enlarre or reduce.

There are other functions for BC. such as the mosaic, the window,

the fixed color add i 1 1 on/sub l rac 1 1 on. the screen add! I lon/subtract ion.

and the H-Pseudo 512.



3. SETTING EXAMPLE

HNITIAl SETTINGS-
•Clear each register
• Set register <2105 II

>

BG Mode -j

.. . . Sett i nrs
BG SI ze J

• Set rerister <2107H>- < 2 1 0 A H

>

SC S i z e -j

. Sett inrs
SC Base Address J

•Set rerister < 2 1 0 8 H > . < 2 1 OCH >

Set Naae Base Address
• Set 'DO —0 3* of rerister <2 1 2CH>

Set Throurh Main BG

l * 3

I

—F 0 R C E D BLANK-
• Set rer i s ter <21 1 511 >

V-RAM Address Sequence Mode ->

H/v inc
Js.mm

•Set rerister <21 1 6H>— <21 1 9I!>

V-RAM Address -i

V-RAM Data -I
SeUlnrs

[Transfer BG-SC data k BG character data
to VRAM by DMA]

• Set rerister < 2 1 2 1 H > . <21 22H>
CG RAM Address -i

'

.
Settinrs

CG RAM Data J

[Transfer BG color data
to CG (color Generator) by DMA]

r-V-BLANK
• Set rerister < 2 1 OD H >

•

Set BG H/V Offset
<21 1 4 H >

DISPLAY

C * 3 In case of BG MODE 5 or 6. ‘Throurh Sub BG* of rerister < 2 1 2 D H

>

should also be set. (Refer to § 7 )



H MOSAIC

1. OUTLINE
This function It to chance 8C screen to aostlc desicn and shade off
a picture. (See " P P U Appendix-6’)

2. FUNCTION
A picture eleaent of aostlc desirn can be chanced to 15 sizes and BG

screen to he a aostlc deslm can he selected.

3. SETTING EXAMPLE .



§ 5 SOTATION/EILARGEUENT/SEDUGTiON (It HODE-7)

1. OUTLINE
In the BC node-7, this function can add to the BC screen store animation
effects by rotation, enlarrement or reduction in addition to scroll
function

2. FUNCTION
There are 250 characters numbers (8-dot x 8-dot size).
Each dot can be one of 256 colors from a selection of 32.7C8 colors.
On EXTBC mode, each dot can be one of 128 colors from a selection of

32,768 colors, and each dot can have priority order.
This function is possible to scroll up, down, left and richt.

The center coord 1 na te* o f rotation, enlarrement and reduction can be

set at either outside or inside of the display area.

The rotation ancle, vertical aa rn i f i ca t i on. and horizontal magnification
values are changeable. Also, holizontal flip and vertical flip on the
display area are possible.
In case the display area roes beyond the screen area,, one of three
choices, which are the back drop color, a sinrle character (CHRS 0)

or repetet ion (wrap) of the screen area, can be selected in order to

display the excess portion.

EXTBC MODE : EXTBC mode is orlrinally provided as'a function for the

purpose of the LSI BC expand.

For the SFX. It is used as rotation, enlarrement and

reduction with priority order.

Also, it can be used as 2nd screen on mode-7.

(See Pare 61)

0



3. SETTING SAMPLE

-INITIAL SETTINGS
•Clear each ret i s ter

•Set rerister <21 OSH

>

•BC MODE-7* Set t ines
• Set register <212CH>

‘Throurh Main BG* Settlors
• Set D1 of rerister <21 1 A H

>

Screen Flip

r J Se t tines
Screen Over J

C M3

[ « 2 ]

-FORCED BLANK 1

• Set ret i s t er < 2 1 1 5 H

>

V-RAM Address Sequence Mode -j

Set t inrs
H/V INC J

•Set rerister <21 1 GH>~ <211 DIO

V-RAM Address -i

y-m im Js.uu.s
[Transfer BG-SC data to lower address

of V-RAM and Character data to upper

address of V-RAM by DMA)
• Set rerister <2121H>. <21 22H>

CG RAM Address

„„ «... « . J Settlors
CG RAM Data J

[Transfer BG color data

to CG (Color Generator) by DMA]

•V-BLANK 1

• Set rerister < 21 OD II > . <21 OEH

>

‘BG 1 H/V Offset* Settlors
• Set rerister <21 1 BH>— <21 1 Ell

>

’Matrix 'Parameter* Settinrs
• Set rerister < 2 1 1 F H > . <21 20II>

‘Center Position* Settinrs

[ M 3 On EXTBG mode. EXT. Input of rerister <21 33H> needs to be set.

C *23 Normally. BGl should be set. But BG2 should be set on EXTBG mode.

- 10 -



1. OUTLINE
This function Units the display tret on the TV screen for BG and

OBJ.

The window can be set on the TV screen, and BG and OBJ can be

displayed inside (or outside) of this area

2. FUNCTION
There are 2 windows. Each window can be either BG screen or OBJ.

and can be either internal or external naslc.

Furthermore. 4 types of window mask lorlc (OR. AND XOR & NXOR) can

be selected each BG and each OBJ by using 2 kinds of the windows
at the sane tine. OSee Page-57)
Moreover, If this function is contained with the function of H-DMA.

various shapes of the window will be forned. such as a round shape,

a heart shape or a star shape.
it is also possible to use this function combined with the screen
addition/subtraction and the fixed coior addition.

3. SETTING EXAMPLE

[-INITIAL SETTINGS
• Clear each register
• Enable BG to display (See BG Instruction)
• Set rerister <2123H>— <2125H>

"EG. OBJ. Color Window* Settlors
•Set rerister <2126H>— <2129H>

'Window Position* Se 1 1 i nrs
• Set rerister <2lj^H>~ <2 i£|h>

'Window Logic" Setti nrs
• Set register < 2 1 2 E H

>

’Through Main (Window)’ Settings

I

—
^V -BLANK

!

• Set H-DMA etc.

DISPLAY



§ 7 mi* / SUI SCREEN

In case of dlsplayinr several BC and OBJ screens, the picture -to be

displayed in the overlapped portion is decided by two paths.
One of thei is called the nain screen, and the other is called the sub
screen.

The screen to be used for the nain and the sub screen can be selected
by recisters < 2 i 2 C H > and < 2 1 2 D H > select.
Furthernore, the data for the nain and the sub screen to be displayed is

aade accordinr to the priority order.
Unless screen the add! t ion/subtract loo is done as follows, the "nain sw*

of the 'color window* in rerister <21 3 0 H > is nomaily on. and the

'sub sw’ is nornally off so that only the nain screen is displayed.
(See Appendix~20)

< 2 1 2 C II >

i

BC SCREEN
OBJ SCREEN

DATA

MAIN SCREEN

DATA

SUB SCREEN

DATA

T

< 2 1 2 D II >



§7.1 SCREEN AD8ITIOH/SOBT8ACTION

1. OUTLINE
This f s n c 1 i o n Is the addition (Overlapping Lirhl) or the subtraction

dense Filter) for the sain screen and the sub screen in order to have

the effect of t ransparency.

2. FUNCTION
This function indicates the result after the addition or the

subtraction of RGB data on the sain screen and sub screen.

This function can also select BC screen or 01) data on the main screen

to be added to or subtracted frea the sub screen siailar to the

Fir. below. *

However, when there is no screen data on the sub screen (screen is

clear), the color constant explained on pace 15 will be added or

subtracted.
When the result added or subtracted on each RGB is over 31. the value

becoaes 31, also, when the value added or subtracted on each RGB is

under 0. the value becoaes 0.

Please do not use this function on BC aode 5 or 6.

UA1N SCREEN

DATA

SUB SCREEN

DATA

1 3 -



3. SETTING EXAMPLE

pi N I T I At SETTINGS
• Clear each rerlster
• Enable 1C to display (See BG Instruction)
•Enable OBJ to display (See OBJ Instruction)
• Set Oi of Xerister < 2 1 30ii

>

"CC ABO Enable* Sett tears

• Set Xerister <2130H>
ADD or Slit Enable ->

H Enable Set tiers
ADD/SOB. J

• Set Xerister <21 2CH

>

'Throstle Main* Sett inrs
• Set Xerister < 2 1 20 M

>

'Throsrh Sub* Setlinrs

DISPLAY

NOTE : When the nain screen data Is the OBJ. it will be added to or

subtracted from the sub screen data only for the OBJ of the

palette code (4 to 7).

It Is convenient for reneratinr the dusky shadow.

NOTE : When *1/2 Enable* of rerlster < 2 1 30H > is enabled, the

addition/subtraction result of each RGB becomes 1/2.

I 4 -



§ 7.2 COLOR COISTAiT AtllTlfll/SItTIACTIOl

1. OUTLINE
This function cm perform addition (overlapped light) or subtraction
dense filter) with the RGB value (color constant) set by the main
screen and register < 2 1 3 2 M > . and change the color on the display area.

2. FUNCT t ON

This function can perform addi t ion/subtract Ion by using the RGB
value (color constant) which is set by register < 2 1 3211 > instead
of the sub screen of the screen addition/subtraction described
previously.

3. SETTING EXAMPLE

[—INITIAL SETTINCS
• Clear each register
• Enable BG to display. (See BG Manual)
• Set "01" of register <21 3 0 II

>

"SC ADD En able* Settings
• Set register < 2 1 3 1 fl

>

ADD or SUB Enable -j

Vi Enable Sett I ngs

ADD/SUB J

• Set register < 2 1 3 2 1!

>

"Color Constant Data* Settings

DISPLAY

l 5 -



§ 7.3 COLOR fiNDQf
(COMB 1 HAT ION OF WINDOW & ADD ITI ON/SUBTR ACT 1 ON

)

1. OUTLINE
The Screen Addition/Subtracllon or the Color Constant Addition
/Subtraction can be performed only inside (or outside) of the window.

2. fUNCTION
This is a function, which can select what portion of the window
should be displayed and added or subtracted on each main screen
and sub screen.
The following is the function as a window, the screen addition
/subtraction and the color constant addition/subtraction.

3.

SETTING EXAMPLE

HNIT1AL SETTINGS-

3 Settings

Clear each register
Enable BG to display (See BC Manual)
Enable OBJ to display (See OBJ Manual)
Set register <21 2EH>. <21 2FH>

Through Main (Window)

Through Sub (Window)
Set register <21 25H

>

Set Color Window
Set register < 2 1 2 6 H > — <21 29H>

Set Window Position
Set register <21 0BH>. < 2 1 OC H

>

Set Window Logic
Set register < 2 1 3 0 if

>

Color Window ON/OFF settings
Set register < 2 1 3 1 II

>

Enable

Se 1 1 i ngs

ADD or SUB

Vz Enable
ADD/SUB

Set register < 2 1 3 2 11 >

Color Constant Data settings

r-V- BLANK
• Set H-DMA etc.

DISPLAY



CO illECT SELECT§ 8

1. OUTLINE
On 86-1 In and* 3. 4 md 7. ( h • chineKr data on be used is the
color did without usiot CG-BAM colnr dill. • C - 1 cm be displayed
eslnr 2048 colon on node 3 ind 4. end 256 fixed colors on aode-7.
8 C - 2 and OBJ cm ose the CG-BAM color data without hotdinr In coaaou
with the color data on 1C - 1

.

2. FUNCTION
then IC-t on aodo 3. 4. and 7 Is displayed on the TV screen, this
fsnetlss Is to display 8-blt color data par character dot without
eslnr the CG-BAM. the CG-BAM data Is eaod for the other 1C. OBJ and

lacktreand on asin'fcreea.

3. SETTINC EXAMPLE

• Enable BG to display (See 16 Instruction)
• Set ‘80* of rerisier <2130H>

‘Direct Select* Settinti

NOTE : See PPU‘AppnndIx-14 for the color dati.

- 17 -



§ 9 I-FSE0I9 512

1.

OUTLINE
In (he aode sitter than 5 and 6, this reaction suopleaents between
2 dots nest to each other hor i son ta 1 ly. which chimes the color
saoothly. and has the effect of the rradation.

2.

FUNCTION
This f tine t Ion utilises screen addi t lenAebtrsct ion.

The color constant addlt lon/seltract ion can not be done at the sane
tine that this function Is perforaed.

3.

SETTING EXAMPLE

• Enable IG to display (See 8G Instruct ion)
• Set *13’ of rerlster <213311)

‘Psevdo 512’ settler*
• Set rerlster <212CH>. <212DH>

Thrdorh Main

J Set t Inis
Tfcrottrh Sub

Set 01 of rerlster < 2 1 3 0 H

>

*CC AGO Enable’ settlors
Set rerlster < 2 1 3 1 K

>

AGO or SUI Enable
H Enable

1
Set t inis

ABB/SUB ]



§ 1 0 COUPLEIIEHUn UUITIPLICATIOH (SICKED MULTIPUCATION)

1. OUTLINE
The 2' s complement as 1 1 1 p 1 1 ca t 1 on will be performed with hirh speed.
For example. to calculate the routioa parameter on aode 7. it will
llrhten the buden of the CPU processing

2. FUNCTION
The hirh speed aul t ipl icat ion of 16-bit (2‘ $ complement) and 8-bit
<
2* * coapleaent) will be performed with ’no-wait’. and the result
becomes 24-bit <2* s coapleaent).

3. SETT INC EXAMPLE

• Set BC other than MODE-7 (or V-Blank/Forced Blank)
(except durine V-Blank or Forced Blank period)

•Write tower 8-Bit (Mai tipi icand) to register < 2 1 1 B H > : (Input)
• Write hirher 8-Bit (Mai t ipi icand) to rerister <21 1 B li > : (Input

)

•Write rerisler 8-Bit (Multiplier) to register < 2 1 1 C H > : C 1 n p n t

)

• Read rerisler < 2 1 3 4 H > — < 2 1 3 6 H > :(Result)



1. OUTLINE
This function is used for judfins the process Mains by knowins
where the scsnnins is anoroxloattiy on the screen line it cerlsln
t loins,

2. FUNCTION
This f one t Ion sets vertlcsi »nd horlsontal coenter vtiet it cerisin
Mains (then resistor <21 37H> is reed), tnd knew where the rtster
is os the screei by readier the resistor vsiee.

[The Scsnnins synchronises with inner vertical and herltestai
eonnter. 1

3. SETTING EXAMPLE

• lend resister < 2 1 37 H > : (counter latch)
• Read resistor <213FH>
(Initialise resister < 2 1 3 C « > . < 2 1 3 D If

>

in the order of Low and Htsh)
•Read resister <213CH>* <2130H>



§ 1 2 OFFSET NIKE

1. OUTLINE
The horizontal and verticil scroll (offset) value can be perforated
every horizontal 8 - d o t (character unit) in node 2 . 4 and 6.

The other part of the screen can be brought in the Riddle of the frame
in order to have the effect like a window, and also, a vertical
partial scro 1 1 can be made.

2. FUNCTION
This function can be selected whether both BG-1 and 2. or either BC -

1

or 2 are applicable. The offset for both II and V can be changed at

every character unit on node-2 and 6. but the offset for either II or V

can be changed on moiTe-4.

The sane offset will be performed on etch line, once the offset data
for a horizontal line (32*characters) is sot.

In case of setting the other offset ralue depending on the scanning
line, the offset can be changed by changing *BG-3 SC Offset Address*
or 'BG-3 SC Base Address’ during the H-DMA period.

3. SETTING EXAMPLE

r-INITIAL SETTINGS
• Cl ear each register
• Enable BG to display (See BG instruction)

Set OFFSET data to BG-3 SC

r-V-BLANK

!
• Set H-DMA etc.

DISPLAY



JOT CONTROLLER§ 1 3

1. OUTLINE
The switch status of the joy controller can be read automatically
serially, and it will be converted to the parallel data.

It is not necessary to read the switch status one by one like the
Family Computer and convert them to the parallel data every time.

2. FUNCTION
2 pcs of the Joy controller can be connected to the main unit.
(4 pcs of the Joy controller can be connected by using the expanded
connector. }

1-bit data is assigned to each switch, and the number of hits
to be read automatically for one Joy Controller is up to lC-bit.
For (he expanded bit. the bit which is expanded can be read 1-bit
by 1-bit by t.he software like the Family Computer.
The hardware operates for reading the data for about 215 ns right
after the V-Blank flag is set or the KM I is applied, Therefore,
please note that the register of the Joy Controller can not be read
properly.

215 (214. 55) is equivalent to 3.4 (3.38) scanning lines,
which is a period of 580 (576) Byte to be 'transfered by the DMA.

(In case the CPU clock is 2 . 6 8 M I! z . it is equivalent to 580
machine cycle.)

as soon as the V-Blank starts.
it is considered as the basic flow to perform the general
purpose DMA.

Therefore, It is convenient if total number of byte to be

transfered by the general purpose DMA is used as a read timing.
[Please refer to the System Flowchart]

The Joy Controller data (register) should be read after
confirming that ’JOY-C Enable’ of the register < 4 2 1 2 H

>

is not

set during the V-Blank period, so that the valid data can be

read.

* After 18as (32 machine cycle with 2.68MH:) from the beginning
of the- V-Blank, the hardware will start to read.
The ’JOY-C Enable’ of the register <4212 H> can not be set during
this period.

- 22 -



3. SETT 1 NC EXAMPLE

-INITIAL SETTINGS
• Set ‘1* to 'DO’ of register < 4 200H

>

'JOY-C Enable’ Settings
• Set 'O' to 'DO' of rerisler < 4 0 1 6 H

>

riuitk
Process for DMA (2I5/« or aore)

•Reid recister < 4 2 1 8H > ~ < 4 2 1 F H

>

• Read rerister < 4 2 1 6 H > & <4217 II

>

( I f expanded bit is exist)

DISPLAY



§ 1 4 FROGRAUABLE I/O PORI

1. OUTLINE
8-BIT prosraaable I/O port is provided to interface to peripheral
devices, which are the keyboard, the 3 D - s 1 a s s and etc.

2. 110W TO USE
’1* should be written to rerisler <4200H> for the bit to be used

as the i n-port.
The bit becoaes the ln*port and it can be read by resister <421310.
The data should be written to resister <420110 for the bit to be

used as the Out-port.
This written data can be output directly.

4



§ 1 5 ABSOLUTE IUITIPLICATI01/IIV1DE

1. OUTLINE
The absolute aultipl Ication ( 8-bit x 8-bit) and the absolute divide
(16-bit x 8-bit) can be done usinr this function.
It is also convenient for the array table processing, and it can

improve the processinr speed for the multiplication and the divide.

2. FUNCTION
The multiplication calculation between the multiplicand of 8-bit
absolute value ( 0— 255) and the multiplication of 8-bit absolute
value (0 — 255 ) can be performed, and can ret the result of 16-kit

product (0 — 65025).
Or. the divide calculation between the dividend of 16-bit absolute
value (0 — 65535) and the divisor of 8-bit absolute value (0 — 255)

can be performed, and can eel the result of 16-bit quotient
(0 — 65535) and 16-bit remainder..
If the divisor is *0* in the divide calculation, the quotient value
becomes 65535 (OFFFFII) and the remainder becomes the. dividend value,

so that caution is required.
It takes about 8 machine cycle for the multiplication calculation
and about 16 machine cycle for the divide calculation.
The rerlster value for multiplicand and dividend will not be destroyed
even af ter operat Ion.

3. SETTING EXAMPLE

* In case of Multiplication :

• Set rerlster < 4 2 02H

>

’Mu 1 1 1 p 1 i cand-A’ Set 1 1 n r

s

• Set rer i s t er < 4 20 3 H >

’Multiplier-!)’ Settlors
• Wait for 8 Machine Cycle
• Read register <4216H>.<4217H>

Read Producl-C

* In case of Divide :

• Set rerlster <4204H>. < 4 2 0 5 H

>

’ D i v i dend -C* Settlors
• Set rerlster <4206H>

’ Di visor-B’ Set lines
• Wait for 16 Machine Cycle
• Read rerlster <4214H>. < 4 2 1 5 H

>

Read Quotient -C

• Read reristcr < 4 2 1 6 II > . < 4 2 1 7 1!

>

Read Remainder
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§16 H/V COUNT HUES

1. OUTLINE
The SFX has the timer synchron 1 sine with the display on the TV screen,

which is used for adjustlnc the limine of the scannine on the screen
and the software process.

2. FUNCTION
This function can cenerate the Interrupt either at any V-position or

H-pos i t l on of the scannine tines. It can also cenerate the interrupt

at any position of the scannine line.

3. SETTING EXAMPLE

-INITIAL SETTINGS
• Disable IRQ
• Set ’04 t 05* of redder <4200H>

’Timer Enable* Settincs
• Set redster <4207H>~ <4 20AH

>

H Count Time n

. J Settincs
V Count Time J

• Enable IRQ



§ 1 7 M (DIRECT IIEUOti ACCESS)

The DMA is the method to transfer the data as same as the data' transfer
which is done by the CPU. However, the DMA can transfer the data at hlch
speed by uslnc the hardware instead of the CPU.
Especially, the SPX has the exclusive DMA. since the picture data has to

be transfered rapidly.
The DMA for the S F X is to transfer the data between 'A-Bus address' in

the CPU (OOOOQOO~OFfFFFf) and *B-Bus address' in the S-PPU (0002100
— 00021FF), which has 8-channels In total.
There are two kinds of the DMA. which are the ceneral purpose DMA and
the H-DMA. and either of the two can be set at each channel.
The data can be transfered between the same DMAs in the order from the
lower channel number (0 —7). And the H-DMA can interrupt eren durinc
the transfer by the ceneral purpose DMA. which means that the li-DMA

has hither priority than the ceneral purpose DMA.

Furthermore, the CPU process stops automatically durinc the DMA period,
and will start acain after the DMA Is completed. Therefore, it is not
necessary to observe the DMA completion by ihe CPU.
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§17.1 GENERAL PURPOSE lUA

OUTLINE
This function cm transfer the data rapidly between 2 types of

memory devices, which is memory which can be accessed directly by

the CPU. such as a ROM on the game cartridge, and memory which
has to be accessed through the S-PPU. such as the V-RAM.

FUNCTION
The maximum area of the A*Bus address which can be used in one channel
is limited in one bank (65.536 Byte).

Therefore, in case of spreading over more than 2 banks.

It Is necessary to use more than 2 channels or transfer twice.

One A - B u s address basically is increased every time 1 -byte data i<s

transferee However, it can be decreased or fixed depending on the

settings (*D3" and *04' of register <43X01I>).

The following table shows 4 ways of the B-Bus address changes.

Word Select
I of TransfTr-^.^ < 4 3 X 0 U

>

(I of Byte) ""—--

—

B

B + 1

B + 2

B + 3

1

!

3

B B

B + 1 B

B B + 1

B + 1 B + 1

B B

B + 1

•

•

•

B
•

•

•

B + 1

NOTE : B means the data of register <43X1H>.

in case of 224-lincs. the general purpose DMA can transfer GK-Byte
data maximum during V-BlANK period.



3. SETTING EXAMPLE

-FORCED BLANK—
When u s i n c C II 4 :

• Clear '04' of recister <420CH>
• Snt rejister <434011 >

Lit 4 Tnnsfer word select -i

A Bus Address Fixed. ICN/OEC Settincs

LIU Transfer Oriji nation -*

• Sc I recister <434 1 H >

* 8 Address' Set t incs
• Set rejister < 4342 it > —<4344 It

>

’At Table Address* Sett injs

• Set rejister <4345 1!>, <4340 II

>

of Byte to he Transfer* Settincs
• Write *1' to *04' of rejister <420811 >

CtH Start 'General Purpose DMA*

-DISPLAY PERIOD
When usinj C i! 3 :

• Clear *D3* of rejister <420CH>
• Set rejister <433010

CHS Transfer word select n

A Bus Address Fixed. iCK/DE Settincs
C H 3 Transfer Orijitutlon -*

• Set rejister < 4 33110
* B Address* Settincs

• Set rejister <4332H> — < 4 334 H

>

‘At Table Address’ Settincs
• Set rejister <433310. < 4 3 3 6 II

>

*: ot Byte to be Transfer" Settincs

-V-RIANK 1

•Write *:•
to ’ 83* of recister <420810

CH3 Start "General Purpose DMA*



§ 11.2 H-SMA

1. OUTLINE
This is the special DMA. which can transfer the data automatically
synchronizing with the II - Blank. Therefore, the S-PPU settings can be

varied by each horizontal scanning line, and also, special effects
can be added to the picture.

2. FUNCTION
This function basically transfers the data from the A-Bu$ memory
(CPU memory) to the S-PPU register.
There are two kinds of the addressing modes on the A -Bus side,

absolute addressing and indirect addressing, which can he set b
y 1

each channel.
There are two kinds of the data transfer, one is to transfer a set

of data each horizontal blank period, and the other is to transfer
a set of data every certain number of the horizontal blanks.
These two methods can both be used in the data table for one screen
(one field), therefore, necessary data can he transfered each
necessary scanning line for one screen (one field;.

The B-llus address can be changed fire ways according to the table
shown below.
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3. SETTING EXAMPLE

{—FORCED BLANK
When u s i n c Indirect Addressing

(Type -
1 ) with CiiO

• Clear *dO* of register < 4 20 C II

>

• Set reel s ter < 4 3 0 0 II

>

CIIO Transfer word select -j

CIIO TYPE » *1* Settings
CIIO Transfer Origination

• Set register <430110
*B Address' Settings

•Set register <430210- <430410
'At Table Address* Set t ings

• Set regi ster <430710
*CHO Data Bank* Settings

• Write "t* to *B0* of register <420CH>
CIIO Start It- DMA

DISPLAY PERIOD 1

When using Absolute Addressing
(Type-1) with C II

1

•Clear *DI* of register <420CIO
• Set register <431010

CHI Transfer word select -i

CHI TYPE * *0* Settings
CHI Transfer Origination -*

• Set register <43HH>
*B Address* Settings

• Set register <431210 —<431410
* A1 Table Address* Settings

;

—V -BLANK i

i
• Write *1* to *D1* of register <420CH>
CHI Start H-DUA

- 3 t
*



§ 1 8 INTERLACE

1. BG MODE 0-447
When '1' is written to ’DO" of register <213310. the picture
which is output from Hie SFX will be the interlace signal.
Therefore, in case of BG mode 0 through 4 and 7. the same picture
will be displayed unless the picture data is changed between
the 1st field and the 2nd field. (See PPU Appendix-18)

2. BG MODE 546
In case of the interlace on BG mode 5 and G. the vertical resolution
tv ill be doubled in appearance, because a picture is displayed by

using one frame of the combination of the 1st field and the 2nd

field. (See Appendix-19)

3. OBJ

When *1* is written to '01' of register <213310. the vertical
resolution will be doubled as same as the case above, because
a picture is generated by one frame.

However, the range of the V-posi l ion is 0 through 255. and it will

not be doubled.



3 8- 512 KOBE (BG MODE 5 S 5)

1. MAIN SCREEN 4 SUB SCREEN SETTINGS
The screen addition/subtraction should not be used, because a part

of both main screen and sub screen function arc used in this mode.

Therefore, for the case except the color constant addition
/subtraction. "1" should be written to *04" and "05" of register
<2130 II > and the sub switch should be "OFF".

Also, in this mode, the same data should be written to registers
<2120 II > <212EII> and < 2 1 2 F H > . and "Through" should be the same for

both the main and the sub screen.

2. FIXED COLOR AD I 1 T I ON/SUBTRACT l ON

"DO — D
5

" of the register <2131 II > is the flag which can select the

main screen for addi t ion/sub traction.

By the reason described above, this selection can not be done.

It is necessary to write "1" to these G flags (00 — D5) when the

color constant addilion/subtraction is performed.
The remaining settings arc the same as the other mode on page 15.

However, in case of the color window function, there will be

addilion/subtraction every 2-dot unit horizontally, because the

window has only 256 positions horizontally.

3. DISPLAY WITH OBJ

As the name of 11-512 mode implies . it indicates the 512 horizontal
resolution for BG. But. the horizontal resolution for the OBJ is

only 2 5 6 - d o t regardless of the BG mode.

However, the priority order for BG is determined by every dot.

4.

OTHERS
See Appendix -19 for details



§ 2 0 08J 33’ S IISES OVER { PRIORITY ORDER

1. 33* s RANGE OVER
The number of OBJ which can be displayed in a horizontal line

is limited. One of its limitation is called the * 3 3 ‘
s Range Over'.

This is the limitation that OBJs (33 or more) can not be displayed
in a horizontal line regardless of the OBJ size.

If the " 3 3 * s Range Over* is occured in one field (at least one line;.

*D6* of the register will be set.

For the line which this *33‘s Range Over* is occured, only 32 OBJs
can be displayed out of more than 33 OBJs according to the priority
order (selected from smaller OBJ number).

NOTE : "the number of displayed OBJ* counts the OBJ hidden by BG.^

window or other OBJs.

NOTE : If II

-

position is minus, and the OBJ is not displayed on the

screen area to be displayed (located on the left nf the left

the screen to be displayed), ’the number of the displayed
OBJ* does not count them.

2. 3 5* s TIME OVER
The other limitation on one horizontal line is the *35‘s time over".

This is the limitation that OBJ character size is converted to

character size (8-dot x 8-dot) and OBJs (35 or more) can not be

displayed
If the * 3 5 ’

s Time Over* has occured in one field (at least one line),
* D7* of the register < 2 1 3 E II > will be set.

In the line which this * 3 5 ’
s Time Over" has occured. only. 32 OBJs

out of ’The OBJ which should be displayed* can be displayed
according to the priority order (selected from larger OBJ number.).

The other limitation on one horizontal line is the *35 time over*.

This limit is due to a conversion limit of less than 25 OBJs

(8 x 8) displayed per'horizontal line.

*The OBJ which should be displayed’ means less than 33 OBJs which
satisfy the display condition explained in " 3 3 *

s Range Over*
above.

NOTE : There are characters (8-dot x 8-dot) which are not displayed
on the display area depending on OBJ size and position.
But they are not included in this limitation • 3 4 or less/.
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3. PRIORITY ORDER SHIFTING

As mentioned above, limited numbers of the OBJs can be displayed
a line and are related to the priority order. It is desirable to

develop a fame within this limitation. However, more OBJs beyond

this limitation sometimes need to be displayed. In this case,

there is the way to display more OBJs i m a f i n a r i I y on one line.

The priority order which is changed every frame is one of

the methods. Also, there is another method, which chances the

OBJ data order by programming. The SFX also has the function to

rotate the priority order of 128 OBJs.

When using these methods, please consider that the OBJ will flash

every frame unit, and the priority order among OBJs will change.

The setting method is as follows:

© display the OBJ.

(2) Write '1' to ‘D7‘ of the register <21 0311 >.

(3) Write the highest priority OBJ number (0 — 127) to

"
D 1 — D 7 “ of the register <2102 II > during V -BLANK period

every frame.

Q) repeat (3)

When OBJ number storing at © is '
n

'

OBJ NUMBER PRIORITY ORDER

OBJ 0 1 2 9 - n

•

•

•

•

•

0 B J n - 1 1 2 8

OBJ n 1

0 B J n -j-
l

9
*0

#

•

0 B J 1 2 7 1 2 8 - n

-oo-



§2 1 CPU CLDCS { ADDRESS HAP

1. CPU CLOCK
The CPU clock can be switched automatically dope n dine on the address
to be accessed by the CPU.
There are 3 kinds of clock speed, which are 3. 58 MHz, 2. G 8MII z . 1.79MHz.
and they can be used accordinc to the device speed (ROM. RAM. LSI

and etc.).
If the ROM and RAM of middle speed (access time less than 200ns)
are used in the cartridge, it will be mapped to the address area
(2.68MHz). If high speed (access time less than 120ns) are used,

it will be mapped to the address area (3.5 8Mllz).

[At present (as of January. 1989). because most of the ROM and the

RAM used in the video games are designed for more than 150ns speed.
2.68MHz clock is used as the standard.)
Please refer to the ’Frequency & Address Mapping* for the relation
between the address and the clock.
Two clocks (2.68Mllz 4 3.58MHz) can be selected by setting "DO* of

register < 4 2 0 D H > for the range of memory Q shown on illustration.
And 2.68MHz is set as default.
The CPU is operated internally with 3.58MHz clock speed.
[Regardless of the address, the DMA will be operated with 2.68MHz
clock speed. ]

2. ADDRESS MAP
Please refer to the "Frequency 4 Address Mapping".
The IV RAM ( 8 K

- B y t c ) is mapped to the address (0000 — 1FFF) of the

bank (00 — 3 F ) . (80 — B F ) and 7E.

Because this is the IV RAM used as common bank, this 8 K - B y l e can be

accessed from any bank described above.
Also, the IV RAM (24K-By te) is mapped to the address (2000 — 7FFF)
of the bank 7E. Therefore, the VRAM (32K-Byte in tola!) is included
in the SFX unit. The address (8000 — FFFF) of the bank 7E and the

address (0000— FFFF) of the bank 7F are provided as extra area
for expanded VRAM.
Also, the address *2000— 5FFF* of the bank "00— 3

F
’ and *80 — BF*

are reserved as a register area of Ihe S-PPU. DMA. etc.

Also, because this basically is reserved as a common bank area,
the S-PPU and l lie DMA register can be accessed from any bank.
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AUDIO etc. / /

JOY STICK

§ 22. I NAME £ FUNCTION

SCPU (CPU) This is a Central Process i up Unit for the

S F X

.

This is equivalent to the SFX's brains,

forwards the same according to the

program data in cassette and has the

useful function for the game.

SPPU i P P U This is a Picture Processing Unit for S r X

.

This is equivalent to the SFX's li a n d s or legs,

which generates various pictures according to

the control from the CPU and has the function

to vary image expression..

SOUND UN I T ( A P U ; This is a Audio Processing Unit.

This is equivalent to the SFX’s mouth, which

generates produces necessary music or sound

effect for the game and has the functicn to vary

sound expression.



GAME CASSETTE This is the memory to store necessary data,

which is program data, character data or

sound data.

OAM TIi is is a Object Attribute Memory (OAM).

This is used to store necessary data to move
characters, such as the hero or enemy in the

game.

C G R A M This is a Color Cenerator RAM (CCRAM).

This is used to store color data in order
to color character data.

VRAM This is a video RAM (VRAM).

This is used to store character data for

the background characters.



§23 SYSTEM FLOWCHART

NOTE : The function to set the 0AM address automatically

trill not (v o r k d u r i n g Forced Blank period.

f OAM 6 CC RAM Address Set tines]
•Set OAM Address.

,
. .

Normally write 0 0 H lo register
;

<2102 II ><2103 II > i

• Set CG RAM Address '

|

! Normally write "0011" lo register <212110
j

I

I

Forced
Blank

I

I





§ 2 4 riOCIAimit I'ARIIKGS

• There are registers (<210DH> — <21 14II>. <211BH>^— <212011'- ). which -must

be accessed in the order of Low and High twice.

if the number of accessing the register (write twice or read twice.'

becomes unknown, please initialize as follows:

GAM. CGRAM. VRAM Set the address again

Other Registers (Write) The lower data s h o u 1 d be written
more than one time, and the higher
data s li o u 1 d be written.

II / V Counter Read When reading the 5C78 status register
<21 3 F !! > it will be initialized.
The data should be read in the order
of Low and High.

• The period which can be accessed for the register is as follows:

V - R A M . (JAM Forced Blank or V - It 1 a n k period only

C G - R AM Forced Blank, V - B I a n k* or II - U 1 an k

p e r i o d only
Other Register (Write) All period (However, when w r i 1 1 i n g

the data, t h p picture may not be

displayed properly. )

Other Register (Read) All period (However, the data which
may be changed during display period
may not be read properly.,)

• The address space for the V-RAM is 6 4 K - w o r d (1-word * lG-liil) maximum.

32K-word memory is installed in the S F X unit.
• When the V-RAM is accessed from the CPU. I he address counter will be

increased automatically.
For the V-RAM increment mode, please use the register mode designated
by t li e instruction.

• When the V-RAM is read continuously after the V-RAM address has been

set. the address will not be increased for the first data only.

Therefore, when reading the da la continuously, the first da I a for the

address increment should be read as a dummy data after the V-RAM
address lias been set.

• The top color data of each CG color data palette is transparency.
Because the transparency is a color which is not displayed, so that

any color can be set.

However, the color data of the CG address (OOH: is normally black

(background).
• Even though 9 - B i t is provided as the OAM 11-position, the value •

1 0 0 H

must not be used.

H



§ 2 4 8EGISTE8 CLEM (INITIAL SETTINGS)

[Because this is a recommended settings for beginners, it is not

necessary to perform according to this way.

However, the register status is not stable when power is turned on.

initial settings must be done. 1

A D D R E S S ( II E X ) DATA ( HEX > A D D R E S S ( II 0 X ) DATA (HEX

>

< 2 1 0 0 > U,CO (Forced Blank) < 9
4» 1 2 0 > 0 0 0 0

< 9
1 0 1 0 0 < 2 1 2 1 > 0 0

o
1 0 2 > 0 0

O
u I

9 2 > (CG DATA)
2 1 0 3 > 0 0 2 1 2 3 0 0

2 1 0 4 > (0 AM DATA) 2 1
9

4 0 0

0
1 0 5 > 0 0 9u 1

9
5 > 0 0

0
l 0 6 > 0 0

<' 9
1 2 6 > 0 0

< 2 1 0 7 > 0 0 < 2 1 2
n > 0 0

< 2 1 0 8 > 0 0 < 2 1 2 8 > 0 0
O

1 0 9 S 0 0 < 9
1

9
9 > 0 0

2 1 0 A > 0 0 2 1
O A s’ 0 0

< 0
1 0 B > 0 0 < 2 1 2 B N 0 0

< 2 1 0 C 0 0 2 t 2 C N 0 0

(LOW) (high) < 2 1 2 D > 0 0

< 2 1 0 D > 0 0 0 0 < 2 1
9 E > 0 0

< 2 1 0 E > 0 0 0 0 < 9
1 3 0 > 3 0

< 2 l 0 F > 0 0 0 0 < 2 1 3 1 > 0 0

< 2 1 1 0 > 0 0 0 0 < 2 l 3 2 > E 0

< 2 1 1 1 > 0 0 0 0 < 2 1 3 N 0 0

< 0
1 1 2 > 0 0 0 0 < 4 2 0 0 > 0 0

< 2 1 1
A
0 > 0 0 0 0 < 4 2 0 1 s* F F

< 9
1 1 4 > 0 0 0 0 < 4

9 0 2 0 0
0

1 t 3 8 0 4
9 0 3 N * 0

r

'

2 1 1 6 > 0 0 < .1

-» 2 0 4 0 0
o

1 1 > 0 0 •1 2 0 5
i

0 0
o

1 1 S > (VRAM DATA) < 4 2 o G
!

o 0

< 0
! 1

0 > (VRAM DATA' < 4
n

0 1

s
>

i o 0

- 1 1 A N 0 0 4 2 0 S
i

0 0
9

l 1 B > 0 0 0 1 4 2 u 9
i

0 0
0

1 1 C > 0 0 0 0 < 4 2 0 A >
!

o 0

< 2 1 l D > 0 0 0 0 < «

•i
9 0 B >

1 0 0
9

i 1 E > 0 0 0 1 si 4 2 0 C >
i

0 0

< 9
1 l F > 0 0 0 0 ‘s 4

9
4> 0 D >

!
o 0

I
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